Using effectiveness data from a recent systematic review and cost data from programme implementers and World Health Organization (WHO) databases, we conducted a costeffectiveness analysis to compare non-piped in source-(dug well, borehole and communal stand post) and four types of household-(chlorination, filtration, solar disinfection, flocculation/disinfection) based interventions to improve the microbial quality of water for preventing diarrhoeal disease. Results are reported for two WHO epidemiological sub-regions, Afr-E (sub-Saharan African countries with very high adult and child mortality) and Sear-D (South East Asian countries with high adult and child mortality) at 50% intervention coverage. Measured against international benchmarks, source-and household-based interventions were generally cost effective or highly cost effective even before the estimated saving in health costs that would offset the cost of implementation. Household-based chlorination was the most cost-effective where resources are limited; household filtration yields additional health gains at higher budget levels. Flocculation/disinfection was strongly dominated by all other interventions; solar disinfection was weakly dominated by chlorination. In addition to cost-effectiveness, choices among water quality interventions must be guided by local conditions, user preferences, potential for cost recovery from beneficiaries and other factors.
INTRODUCTION
Diarrhoeal diseases kill an estimated 1.8 million people each year (WHO 2005) . Among children under five years in developing countries, diarrhoea accounts for 17% of all deaths (United Nations 2006) . Oral rehydration therapy has dramatically decreased mortality associated with diarrhoea, but has had little effect on morbidity estimated to be approximately 4 billion cases per year (Kosek et al. 2003) .
With continued high attack rates, diarrhoeal disease is also an enormous economic burden, resulting in significant direct costs to the health sector and patients for treatment, as well as in lost time at school, work and other productive activities (Mulligan et al. 2005) .
The infectious agents associated with diarrhoeal disease are transmitted chiefly through the faecal-oral route (Black 2001 ). An estimated 94% of the diarrhoeal burden of disease is attributable to the environment, and associated with risk factors such as unsafe drinking water, lack of sanitation and poor hygiene (Prü ss-Ü stü n & Corvalá n 2006). While conventional interventions to improve water supplies at the source (point of distribution) have long been recognized as effective in preventing diarrhoea (Esrey et al. 1985 (Esrey et al. , 1991 , more recent reviews have shown household-based (point-of-use) interventions to be significantly more effective than those at doi: 10.2166/wh.2007.010 the source (Fewtrell et al. 2005; Clasen et al. 2006b ). As a result, there is an increasing interest in such householdbased interventions.
Previous cost-effectiveness analyses (CEAs) of water interventions, though limited to conventional source-based improvements to increase water supplies, found such interventions to be cost-effective (Varley et al. 1998; Cairncross & Valdmanis 2006) . In its 2002 World Health Report, the WHO assessed the cost-effectiveness of interventions to increase coverage of water and sanitation services, concluding that the most cost-effective strategy was the provision of a disinfection capacity at the point of use (WHO 2002) . Household-based disinfection was also found to be among the most cost-beneficial of the water and sanitation interventions (Hutton & Haller 2004) . A recent CEA assessed the cost-effectiveness of home-based chlorination among HIV-affected households in Uganda (Shrestha et al. 2006) . Our study builds on previous 
METHODS

Interventions and coverage level
We evaluated five interventions to improve water quality to prevent diarrhoea. The interventions consisted of conventional non-piped in systems to improve water supply at the source (dug wells, boreholes or stand posts) and four approaches to treating water at the household: chlorination, filtration, solar disinfection and combined flocculation/disinfection. The source-based interventions excluded household connections, since the interventional studies used in estimating their effectiveness investigated non-reticulated systems only, and there is evidence from observational studies that household connections may be more effective in preventing diarrhoeal disease than these non-reticulated systems (Cairncross & Valdmanis 2006) . Similarly, we limited the analysis to four types of household water treatment. Although there are numerous other approaches for treating water at the household level (Sobsey 2002) , only those which have been evaluated in randomized or quasirandomized controlled trials were included in the systematic review that formed the basis for the effectiveness estimates used in our analysis. Finally, as these interventions were unlikely to be combined we considered them to be mutually exclusive. 
Cost and cost offsets
The mean annual cost per person was estimated for each intervention using full economic costing and a "societal perspective" which includes all costs regardless of whether they are incurred by a government, donor, programme implementer or beneficiary. Start-up activities were assumed to have an effect over 10 years and were annualised over this period using a 3% discount rate. Other capital costs were annualised over the useful life of the asset using a 3% discount rate. Central administration, research and professional development costs were excluded. Costs were collected using an ingredients approach and assuming 80% utilization of capacity. While we calculated mean annual cost per person for each intervention (in 2002 US$s), we also calculated a range around this estimate and included this range in the calculation of cost-effectiveness ratios (CERs) for each intervention.
For source-based interventions, we calculated the mean cost of the region-specific estimates for constructing and maintaining protected wells, boreholes and stand posts.
Following the approach used in a cost-benefit analysis of water and sanitation interventions (Hutton & Haller 2004) , For household-based interventions, published or reported estimates of cost also exist (Sobsey 2002; Hutton & Haller 2004) . However, these estimates mainly reflect product (hardware) costs and do not include personnel and other programmatic (software) costs of the complete intervention. As a result, we independently collected cost information directly from programme implementers using a detailed set of guidelines and worksheets developed in accordance with WHO-CHOICE methods (Clasen 2006a) .
We also endeavoured to collect information on who pays these costs. For household-based chlorination, costs were based on the "Safe Water System (SWS)" developed by the In addition to the programme costs described above, we calculated the cost offsets (savings) that would accrue to the health sector or households in the form of direct costs averted due to reduced levels of disease. We calculated health cost offsets by multiplying the estimated number of cases averted by the estimated cost per case using mid-point estimates for each case based on WHO databases and methods (Mulligan et al. 2005) . Health care costs assume that 30% of cases visit a health care facility and 8.2% require 5-day hospital stay (rates that the authors acknowledge may be too high in some regions), and include regional estimates for health care costs (consultation, medication, overheads, etc.). Patient costs include the cost of attending health posts, including transportation, subsistence and region-based estimates for medical costs incurred by the patient. As some of these savings more than offset the full cost of the interventions in certain cases, we have reported them separately below, keeping the CERs on a gross cost basis.
Such health cost savings do not include other possible savings, for example, from substituting solar disinfection for boiling with its associated costs of buying or collecting fuel and its environmental impact. As few programme implementers have attempted to capture and report these additional cost savings and the actual amounts are likely to vary significantly depending on the setting and current practices, there are currently no accurate and comprehensive data available on which to estimate these non-health cost savings. Accordingly, these additional savings are not included in this analysis. Finally, it is noted that health cost offsets represent only cash saved from payment for health services and transport. It does not include any representation of the human cost of suffering and death due to a preventable disease. This is represented in DALYs.
Effectiveness
The (Doocy & Burnham 2006) . For purposes of this analysis, we have excluded this study in arriving at the pooled measures of relative risk for each type of intervention.
The estimated relative risk (and 95% confidence interval) used in this analysis are summarized in Table 1 . (Murray & Lopez 1996) . As the risk of diarrhoea varies with water and sanitation coverage levels, the population was then distributed among the relevant exposure scenarios for water and sanitation as defined by Prü ss et al. to these but also to populations with improved but unregulated supplies (exposure scenario IV). As Table 2 illustrates, the costs of extending household-based chlorination or solar disinfection to 50% of the population are more than offset by the health cost savings in both epidemiological sub-regions. The cost of source-based interventions is nearly offset by the health savings in Afr-E, and more than offset by such savings in Sear-D. Table 3 shows the annual DALYs averted and gross annual cost per DALY averted for each intervention in Afr-E and Sear-D. It is emphasized that these CEA ratios are based on gross costs and do not include the cost offsets shown in Table 2 .
RESULTS
Costs and cost offsets
DALYs averted and CERs
For sensitivity analysis, Table 3 savings which are likely to accrue to householders as they begin to adopt household water treatments. As a costeffectiveness rather than cost-benefit analysis, this study also omits the economic value of other benefits (including time savings) which have been shown to ensue from improvements in water supplies (Hutton & Haller 2004) .
Insofar as this CEA is based on effectiveness data which concern only the prevention of diarrhoeal diseases, it does not address diseases such as typhoid, hepatitis A and E and polio which may be transmitted by the ingestion of unsafe water but whose pathology does not consist of diarrhoea.
While the burden of disease associated with diarrhoea dwarfs any other waterborne disease, these other diseases cannot be ignored. Moreover, because the systematic review on which the effectiveness data in this CEA were based was limited to endemic diarrhoea, the impact of such interventions on epidemic diarrhoea will not be included in the DALYs averted. In these respects, this CEA understates the true impact of such interventions.
Finally, by assuming the all inclusive "societal perspective" in determining costs, this CEA does not address the important issue of who pays for the intervention. While only limited information on cost recovery was available, certain programmes have required contributions from the beneficiaries. Studies suggest that beneficiaries will pay at least a portion of the cost of both source-and household-based interventions (Hutton 2000; Harris 2005 ). This potential for cost recovery could have important implications regarding the net cost of implementing these interventions. It may also present important advantages in terms of financing, sustainability and scalability.
